Abstract The presence of easily degradable compounds from food industries frequently leads to bulking problems. The paper describes a new process that has been developed for a dairy in Austria. Because of the increase in production the treatment plant receiving the wastewater up to now was not able to handle the increased loads. Therefore detailed studies for treatment alternatives have been undertaken which led to a completely new concept. The excess sludge of the urban treatment plant is contacted with the concentrated dairy waste in a separate contact tank. In this tank the easily degradable substrate from the industrial waste is mainly adsorbed to the biological sludge and after a mechanical dewatering transferred to the anaerobic digester where it yields an increased gas production. The filtrate of the dewatering process is completely free from biodegradable material and can without danger of bulking be fed to the aeration tank. The process has been in operation for more than one year and has fulfilled all expectations.
Introduction
Dairy wastewater, due to the high content of easily biodegradable compounds, is frequently a source of bulking problems in combined treatment of urban and industrial wastewater. Recently a dairy near to an existing urban WWTP has been rebuilt and enlarged. The existing WWTP is designed for 90,000 PE, but due to very shallow final clarifier tanks and high hydraulic loading conditions the inclusion of another wastewater stream tending to bulking sludge could not be accepted. Therefore a comparison study for alternatives for the treatment of the dairy wastewater has been carried out. The dairy with a discharge load of up to 30,000 PE is located approximately 3 km from the site of the WWTP and about 300 m from the local sewer network.
Results and discussion
For the solution of the wastewater problems of the dairy a detailed study for the possible alternatives has been carried out which led to four alternative treatment scenarios: 1. Discharge of the dairy wastewater into the local sewer network and combined treatment with urban wastewater in the existing plant without changing the operational mode 2. Pre-treatment of the dairy wastewater on-site of the factory, discharge of the pre-treated wastewater to the local WWTP and combined treatment with the domestic sewage 3. Transport of the dairy wastewater in a separate pipeline to the local WWTP.
Conventional pre-treatment of the dairy wastewater and combined treatment with the domestic sewage on-site of the local WWTP 4. Transport of the dairy wastewater in a separate pipeline to the local WWTP. The dairy wastewater is then treated by means of a newly developed treatment scheme in a "contact" tank together with the excess sludge from the domestic treatment line. These four treatment scenarios have been compared and it has been concluded that scenario 4 was by far the best solution, both in terms of costs and operation with regard to bulking sludge. The detailed results of the comparison study are documented in Matsché et al. (2001) .
The existing treatment plant of Bad Vöslau which has been selected to treat the dairy waste in the future has been recently enlarged from 40,000 to 90,000 PE. For this enlargement the aeration tank volume has been increased from 1,800 m 3 to 16,800 m 3 and to the existing rectangular final clarifier with a surface of 1,160 m 2 two circular final tanks with 45 m ∅ (2 × 1.590 m 2 ) have been added. The flow scheme of this treatment plant before the dairy waste was treated is shown in Figure 1 . Aeration tank 1 was mainly used for denitrification and biological phosphorus removal. The main portion of the carbon removal and nitrification/denitrification takes place in aeration tanks 2 and 3 which are connected in series.
A change in the legal demands for nitrogen removal in Austria took place in 1996. Before this time the nitrogen elimination was defined as follows: 70% N-removal at temperatures > 12°C, 60% N-removal at temperatures from 8 to 12°C, NH 4 -N = 5 mg/l. These values had to be met in 4 out of 5 measurements.
After the legislation was amended according to the EU-directive 273/91 (1991) for urban wastewater the following values had to be met: 70% N-removal (yearly average over all periods with temperature above 12°C), maximum NH 4 -N effluent concentration is 5 mg/l (T > 8°C, daily composite sample, statistical value in relation to number of measurements)
Since the original legislation was more stringent, the existing aeration tank volume had reserves when the amendment took place and the usage of the aeration tank 1 for special purposes -e.g. treatment of industrial wastewater -became possible.
Based on the results of the study, the local WWTP has been modified according to the treatment scheme 4 and has now been in operation since January 2000. Only minor modifications have been necessary in order to install the new treatment scheme at the existing WWTP. In Figure 2 the modifications are highlighted which have been introduced for the treatment of the dairy wastewater. The new treatment scheme takes advantage of carbon substrate storage in the excess sludge. The excess sludge from the domestic treatment line is pumped to aeration tank 1, which is now operated as a "contact" tank. The "domestic" part of the existing WWTP is operated at a sludge age of 20-30 days. Hence, it can be assumed that the excess sludge contains no readily biodegradable substrate. In the "contact" tank the "domestic" excess sludge is mixed with the raw influent from the dairy. The "contact" tank is aerated only to such an extent to secure sufficient aeration for the substrate uptake process. This process has a low oxygen demand, from the literature the yield coefficient is known to be in the range of Y STO = 0.8-0.9g COD,XSTO /g COD,SS . The retention time for the combined mixture of excess sludge and dairy wastewater in the "contact" tank is approximately two days. The activated sludge from the "contact" tank loaded with the substrate from the dairy wastewater is then mechanically pre-thickened to a solids content of approximately 6% and then, together with the primary sludge, fed to the anaerobic digester. The new process therefore takes care that a maximum of the incoming COD load from the dairy wastewater is adsorbed to the excess sludge requiring only minimal aeration energy. This stored COD load is subsequently transformed into biogas during the anaerobic digestion process.
In order to validate the performance of the newly developed treatment scheme an extended monitoring campaign has been carried out, which proved the satisfying operation of the modified plant. Figure 3 shows the COD pathways in the modified WWTP.
From the results of the monitoring campaign a COD-mass balance has been calculated, which confirmed that there is almost no return load from the treatment of the dairy wastewater to the domestic treatment line. The entire load of readily biodegradable substrate is mainly accumulated in the excess sludge and to a lesser extent respired. The filtrate water of the mechanical pre-thickening station is almost of the same quality as the effluent of the domestic treatment line, indicating that load stemming from the dairy wastewater is almost entirely removed by the uptake processes. Thus, it is secured that no influence from the dairy waste on the quality of the activated sludge of the domestic treatment line is given.
Therefore the dairy wastewater cannot be a source of any bulking sludge problems in such a treatment scheme.
Conclusions
The combined treatment of wastewater from food industries containing easily biodegradable BOD together with urban wastewater often leads to bulking sludge and operational problems in treatment plants.
The paper describes a new process that has been developed for a dairy in Austria which was only allowed to feed its wastewater to an existing treatment plant if the absence of bulking due to industrial wastewater could be taken for granted. Therefore detailed studies for treatment alternatives have been undertaken which led to a completely new concept. The excess sludge of the urban treatment plant is contacted with the concentrated dairy waste in a separate contact tank. In this tank the easily degradable substrate from the industrial waste is mainly adsorbed to the biological sludge and after a mechanical dewatering transferred to the anaerobic digester where it yields an increased gas production. The filtrate of the dewatering process is completely free from biodegradable material and can without danger of bulking be fed to the aeration tank.
The process has been in operation for more than one year and has fulfilled all expectations. Figure 3 COD pathways in the modified WWTP. Domestic treatment line (upper part) and combined treatment of dairy wastewater and excess sludge (lower part)
